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C BY-NCAbstract Objective: To assess the role of HRCT and Radiography in postoperative evaluation of
cochlear implants.
Patients and methods: Radiography; including Stenver’s and modiﬁed Chause III positions, as well
as HRCT were carried out in 12 patients with cochlear implants. HRCT images were obtained uti-
lizing 0.625 mm slice thickness followed by reconstruction using 0.3-mm reconstruction increment
and high-resolution algorithm.
Results: On HRCT, complete insertion of electrode array was noted in one patient, incomplete
insertion in two and partial insertion in nine patients. The position of the electrode array as
compared to CT and radiography revealed agreement in 11 patients; and disagreement in one.
The radiologic position of the electrode array was compared to intra-operative electrophysiological
testing and surgical data. In three patients, there was agreement. In one patient, contacts 11 and 12
were nonfunctioning with good impedance and were extra-cochlear. One patient had nonfunction-
ing contact 12 with high impedance and absent stapedial reﬂex and was extra-cochlear. In one
patient, contacts 11 and 12 showed high impedance and were extracochlear. In nine patients,
intra-operative electrophysiological testings were satisfactory with three having high impedance
of last contact. Facial twitches were encountered in two patients.430973.
(K.I. El-Nouem).
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Severely deaf patients currently can regain at least partial audi-
tory function through using cochlear implants. Whereas hear-
ing aids deliver ampliﬁed sound to a damaged sensory system,
often resulting in louder but noninterpretable information; co-
chlear implants can improve speech understanding. Cochlear
implants stimulate the cells of the auditory spiral ganglion to
provide a sense of sound and are designed to link an internal
device that is interfaced with the cochlear nerve to an external
device that translates acoustic information into electric stimu-
lation (1,2). Several models of multichannel cochlear implants
are available including the Combi-40 (Med-El Corp, Inns-
bruck, Austria) (3). Advances in internal electrode device
aimed at placing the device consistently closer to the modiolus,
where the remaining stimulable elements are located (1). Var-
ious postoperative complications of cochlear implantation
can be encountered, of which mechanical failure is the most
common and serious problem. Post-operative imaging assess-
ment of the temporal bone has become vital in recipients of
multichannel cochlear implant devices.
The aim of the study was to assess the role of HRCT and
radiography in the postoperative evaluation of cochlear
implants.
2. Material and methods
A prospective study of 12 patients referred for routine postop-
erative assessment following cochlear implantation was carried
out. Imaging included plain radiography and HRCT of the
temporal bone. Stenver’s position was done for all patients,
while modiﬁed Chause III position was done for 4 patients.
A normal placement of the implant was indicated by demon-
strating the electrodes to be regularly spaced and the electrode
array curving gently within the ﬁrst turn of the cochlea. The
insertion depth is determined by counting the number of elec-
trodes projecting medial to the cochlear promontory. Non
contrast HRCT of the temporal bone was carried out in all pa-
tients in the axial plane with a Multislice CT scanner (Light-
speed Advantage; GE Medical Systems, Milwaukee, Wis.,
USA, 4 slices). For isotropic and good quality imaging,
high-resolution scanning and a high-resolution reconstruction
ﬁlter were applied. The images were obtained in 0.625 mm slice
thickness, 0.5 s rotation time; 0.725 pitch factor; 120 kV tube
voltage; 125 mA tube current; and a 240-mm scan ﬁeld of view
(FOV). Images were reconstructed by using a 0.3-mm recon-
struction increment, 90-mm reconstruction FOV with individ-
ual magniﬁcation for the right and left temporal bones,
512 · 512 matrix, and high-resolution reconstruction algo-
rithm. Window width and level were adjusted until the small
anatomic features of the inner ear as well as both the cochlear
tissues and the individual electrodes could be visualized. In
bone algorithm images, a window level between 600 and
700 HU and a window width between 3000 and 4000 HU weresufﬁcient. Axial scans covered the entire temporal bone,
including the receiver/stimulator device. Images were trans-
ferred to a workstation running a software package for post-
processing. This included 2D reformats in the coronal and
sagittal planes and MPRs through the cochlea where one set
of MPRs was made by oblique coronal reconstruction parallel
to the basal turn of the cochlea and perpendicular to the modi-
olus in the plane of the electrode array and a second set of
MPRs were made perpendicular to the basal turn and parallel
to the modiolus allowing simultaneous visualization of all the
cochlear turns and the depth of the inserted electrode array
into the cochlear turns. 3D reconstructions by using a VR
technique, and Maximum intensity projection (MIP) were ob-
tained as well. Finally, the imaging data were compared with
the surgical data, intra-operative electrophysiologic testings
and postoperative achievement of the patients. The imaging
studies were reviewed by two radiologists working in
consensus.
3. Results
The study included 12 patients; their ages ranging between
three to ten years. All patients had severe SNHL and were uni-
laterally implanted by the multichannel Med EL C40+ im-
plant. One patient was reimplanted after malpositioning of
the electrode array in a previous implant. One patient had
post-meningitic extensive near total ossiﬁcation of the right co-
chlea, which precluded introduction of the electrode. As a re-
sult the left cochlea was implanted after exclusion of non
ossiﬁc ﬁbrous obliteration by MRI.
The precise location and degree of insertion of the electrode
array was compared as assessed by radiography and HRCT
(Table 1). On HRCT, complete insertion was noted in one pa-
tient, where the whole length of the electrode array was en-
tirely intra-cochlear reaching the apical turn (Fig. 1). Two
patients had incomplete insertion of the electrode array, where
it was introduced through the basal turn and reaching only the
proximal part of the middle turn of the cochlea (seven contacts
were intra-cochlear) and the rest of the electrode array (ﬁve
contacts) was extra-cochlear (Fig. 2). In the nine patients with
partial insertion of the electrode array, seven patients had 9–10
intra-cochlear contacts, while only two patients had 11 intra-
cochlear contacts. This was correlated to the depth of the in-
serted electrode array within the cochlear turns. None of the
patients had malposition, kinking or breakdown of the elec-
trode array (Table 1).
The position of the electrode array was compared on
HRCT and radiography where agreement was noted in 11 pa-
tients (91.7%); while disagreement was noted in one patient
(8.3%), with discrepancy between both modalities in the num-
ber of intracochlear contacts, yet it did not exceed one contact.
Most of the radiographs revealed coiling of the electrode array
into 1–1.5 turns. The patient with a completely inserted elec-
trode on HRCT had two complete turns of the array on
Table 1 Comparison between CT and X-ray localization of cochlear implant electrode with correlation to postoperative performance.
Patient Side of
impl.
CT position X-ray position Post-operative
performance
Intracochlear electrode Intracochlear contacts Intracochlear
electrode
Intracochlear contacts
Patient 1 Right Basal, middle & most
proximal of apical
9 contacts intracochlear 3
contacts (10,11,12) extracoc
1.25 turns 9 contacts intracochlear
3 contacts (10,11,12) extracochlear
Fair performance
Patient 2 Right Basal & proximal middle Incomplete insertion 7 contacts
intracochlear 5 contacts (8–12) extracoc
Incomplete turn Incomplete insertion 7 contacts
intracochlear
5 contacts (8–12) extracoc
Reported facial twitches
with noise. Contacts 11
& 12
were deactivated
Patient 3 Left Basal & middle 9 contacts totally intracoc. Contact (10)
at coch.site 2 contacts (11, 12) extracoc
1 turn 9 contacts totally intracoc. Contact (10)
at coch.site 2 contacts (11,12) extracoc
Good performance
Patient 4 Right Basal & middle 9 contacts totally intracoc. Contact (10)
at coch.site 2 contacts (11, 12) extracoc
1 turn 10 contacts totally intracochlear. 2
contacts (11,12) extracoc
Responds to surrounding
voices with increasing
sensitivity to sound
Patient 5 Right Basal, middle & most
proximal of apical
10 contacts intracochlear 2 contacts
extracoc. with contact (11) at coch.site
1.5 turns 10 contacts intracochlear 2 contacts
extracochlear
contact (11) at coch.site
No available data
Patient 6 Left Basal & proximal middle 9 contacts intracochlear Contact (9) at
coch.site. 3 contacts (10, 11, 12) extracoclear
1 turn 9 contacts intracochlear 3 contacts
(10, 11, 12) extracochlear with
contact (9) at coch.site
Responds to surrounding
voices with increasing
sensitivity to sound
Patient 7 Right Full insertion Basal,
middle & apical
All contacts are intracochlear 2 turns All contacts are intracochlear Good performance
Imitates sounds
Patient 8 Right Basal & proximal middle Incomplete insertion 7 contacts intracochlear
Contact (7) at coch.site 5 contacts (8–12)
extracoc. reaching mastoid antrum
Incomplete turn Incomplete insertion 7 contacts
intracochlear Contact (7) at coch.site
5 contacts (8–12) extracochlear
reaching mastoid antrum
No response to sounds
initially. Contacts 1 & 2
were deactivated at device
mapping due to facial
stimulation
Patient 9 Right Basal & middle 10 contacts intracochlear 2 contacts (11, 12)
extracoc
1 turn 9 contacts intracochlear Contact 10
at cochleostomy
site 2 contacts (11,12) extracochlear
Responds to loud sounds
only
Patient 10 Right Basal & middle 10 contacts totally intracoc. Contact (11) at coch.
site 1 contact (12) extracoc
1.5 turns 2 contacts (11, 12) extracoc. Contact
(10) at coch. site
No available data
Patient 11 Right Basal, middle &
proximal apical
11 contacts intracochlear Contact (11) at coch.
site 1 contact (12) extracoch
1.5 turns 11 contacts intracochlear 1 contact
(12) extracoc
Responds to loud sounds
only
Patient 12 Right Basal & middle 11 contacts intracochlear Contact (11) at coch.
site 1 contact (12) extracoc
1.5 turns 11 contacts intracochlear 1 contact
(12) is extracochlear
Reported facial twitches
10 months later, contact
11 & 12 were deactivated
No data about performance
Intracoc.: intracochlear, extracoc.: extracochlear, coch.site: cochleostomy site.
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Figure 1 Complete insertion of cochlear implant. A 6 years old patient with prelingual bilateral profound SNHL, likely postmeningitic.
Preoperative CT of the temporal bone was normal. The patient had right sided cochlear implantation. Postoperative imaging (plain X-ray
in Stenver’s position and HRCT of the petrous bone) revealed complete intracochlear insertion of the electrode array; in agreement with
the surgical and intraoperative electrophysiological testings. No postoperative complications. Postoperative HRCT of right cochlear
implant. (A) Single-oblique sagittal long axis view, (B) MIP image of double-oblique axial short axis view of the right cochlea along the
plane of the electrode showing the entire intracochlear position of the electrode array that follows a steep curve within the cochlea along its
lateral wall (A and B) with regular spacing between the electrode contacts and it is seen coursing through the basal and middle turns up to
the apical turn of the cochlea (A). All the contacts are intracochlear with deeper insertion of the electrode array (B). Site of cochleostomy
(white block arrow), last contact (black block arrow). (C) Volume rendered image of the cochlear implant. The array forms two complete
turns within the cochlea. (D) Axial CT scan of the skull at the level of implant bed. The receiver/stimulator is well ﬁt against the calvarial
well (arrows) with no underlying ﬂuid collection (AT: apical turn, BT: basal turn, MT: middle turn, CNC: cochlear nerve canal, IAC:
internal auditory canal, Mod.: modiolus)
180 R.A.H. Zaghloul et al.radiography. Similarly, the patients with an incompletely in-
serted implant electrode on HRCT had incomplete turns of
the array on radiography. Four patients had radiography in
modiﬁed Chause III position. The coiling and electrode posi-
tion were compared to the Stenver’s position, where both
equally identiﬁed intra-cochlear number of contacts; however,
modiﬁed Chause III position, showed less coiling of the array
and easier delineation of the cochleostomy site.
The radiologic position of the cochlear implant electrode
array was compared to the intra-operative electrophysiological
testing and surgical data. In three patients, there was agree-
ment with the radiological data. In one patient, contacts 11
and 12 were non-functioning as detected by intra-operative
auditory response thresholds (ART) but with good impedance
and they were extra-cochlear at surgery. Postoperative imaging
revealed the extra-cochlear position of contacts 11 and 12. Thesecond patient had non functioning contact 12 with high
impedance and absent stapedial reﬂex on intra-operative test-
ing. Postoperative HRCT and radiography conﬁrmed the ex-
tra-cochlear position of contact 12 with 10 contacts totally
intra-cochlear and contact 11 at the cochleostomy site. In the
third patient, contacts 11 and 12 showed high impedance at
intraoperative testing and were extracochlear in position at
postoperative imaging. In the remaining nine patients, the in-
tra-operative electrophysiological testings were satisfactory
with only three patients having high impedance of the last
contact. The correlation between the radiologic estimate of
electrode position and depth of insertion, and the avail-
able postoperative performance of some patients is shown in
Table 1.
Considering postoperative complications, only two patients
(16.7%) developed late facial twitches (Fig. 3). One patient had
Figure 2 Incomplete insertion of the cochlear implant. A 5 years old patient with prelingual bilateral profound hearing loss.
Preoperative HRCT of the petrous bone was normal. Right sided cochlear implantation was done. Intraoperative impedance telemetry of
all contacts were satisfactory, however; postoperative imaging, both radiographic (Stenver’s and modiﬁed Chause III projections) and
HRCT examinations, showed incomplete insertion of the electrode array. Postoperative HRCT of right cochlear implant. (A) MIP image
of double-oblique coronal short axis view of the right cochlea along the plane of the implant electrode. (B) VR image of the cochlear
implant electrode, showing a gentle very shallow curve of the electrode array within the cochlea along its lateral wall (A) with regular
spacing between the electrode contacts. Only 7 contacts are seen intracochlear with the seventh one noted at the cochleostomy site (A);
while the remaining 5 contacts (contacts 8–12) are entirely extracochlear reaching the site of mastoid antrum.
Role of high resolution CT and radiography in postoperative evaluation of cochlear implantation 181facial twitches, speciﬁcally with high frequency sounds and im-
proved after deprograming of contacts 11 and 12. The other
patient had facial twitches in the presence of noise and was re-
lieved after device removal.
Opaciﬁcation of the residual mastoid cavity and air cells
was noted in nine patients and that of the tympanic cavity in
six patients and was considered as postoperative sequel.
4. Discussion
Cochlear implantation is a standard procedure for the rehabil-
itation of patients with sensorineural hearing loss (2,4,5). The
aim of our study was to evaluate the role of HRCT and radi-
ography in the postoperative assessment of cochlear
implantation.
Several radiographic views; including Stenver’s, modiﬁed
Stenver’s and transorbital anteroposterior views can assess
the electrode position (6). These views can evaluate the posi-
tion and insertion depth of the Nucleus implant. The depth
of insertion is estimated by counting the number of electrodes
projecting medial to the lateral margin of the cochlear prom-
ontory. Trans-orbital anteroposterior view can conﬁrm the
intracochlear position of the electrode, but provides no data
about its depth of insertion. All patients were examined by
Stenver’s projection and four patients additionally had modi-
ﬁed Chause III projection, where both provided equally accu-
rate information about the position and insertion depth of the
electrode array, however, modiﬁed Chause III projection
showed less coiling of the electrode array and easier identiﬁca-
tion of the positions of the contacts. Czerny et al. (7) addressed
that Stenver’s and transorbital projections were not suitable
for accurate radiological assessment of deeply inserted elec-
trodes of the Combi 40 multichannel cochlear implant and
proposed modiﬁed Chause III projection to display the im-
plant electrode. In this projection, the site of cochleostomy is
projected inferior to the vestibule on a line joining the SSCC
and the vestibule. Complete insertion is identiﬁed if all thecontacts are depicted medial to this line; while incomplete inser-
tion is identiﬁed if one or more contacts are projected on, or lat-
eral to this line. A misplaced electrode is deﬁned when it is not
visualized within the cochlea. In our study, due to different elec-
trode positions, we deﬁned the presence of one or two contacts
extracochlear as partial insertion; while the presence of 5
contacts extracochlear was deﬁned as incomplete insertion.
Modiﬁed Chause III projection is the projection of choice for
radiographic assessment of the Combi 40 implant (7).
In the past, temporal bone radiography utilized for estimat-
ing the number of inserted electrodes, as the metallic artifact
on CT images renders individual electrodes indistinguishable
(6). The problem of image degradation due to artifacts is over-
come by high-resolution scanning and a high-resolution recon-
struction ﬁlter, allowing differentiation of individual
electrodes. In this study, the 2D reformats allowed comprehen-
sive visualization of the electrode array within the cochlea, its
insertion depth and its relation to the modiolus and outer co-
chlear wall. The only disadvantage is that only part of the elec-
trode array is seen on each section. This was overcome by
applying oblique coronal reformations, parallel to the basal
turn of the cochlea and perpendicular to the modiolus, corre-
sponding to the plane of the electrode array where reformats
allow visualization of the whole length of the electrode in
one plane (8). Currently, MSCT allows reconstructed images
in arbitrary planes and generating 3D reconstructions of supe-
rior quality, provided that appropriate data acquisition proto-
cols are used. The improved image quality of MSCT allows
assessment of the precise intracochlear position of the elec-
trode array and visualization of individual electrode contacts
and distinguishing between the electrode contacts and small
anatomic structures such as the modiolus and outer cochlear
wall. This aids in ﬁtting the speech processor, especially in chil-
dren to optimize the function of the cochlear implant (8).
We compared the HRCT and the radiographic data; where
both detected the insertion depth and number of intracochlear
contacts, with discrepancy of only one contact between the
Figure 3 Postoperative imaging for post-implantation facial twitches. A 4.5 years old patient with right cochlear implantation. Early
postoperative imaging conﬁrmed the intracochlear position of the electrode array, with contact 11 at the cochleostomy site and contact 12
extracochlear close to the facial nerve. Ten months later, the patient complained of intractable facial twitches with high frequency sounds.
HRCT of the temporal bone was repeated and revealed no interval changes from the early postoperative study. Contacts 11 and 12 were
programed out and the patient improved. Postoperative HRCT of right cochlear implant. (A) MIP image of double-oblique coronal short
axis view of the right cochlea along the implant electrode, showing the intracochlear position of the electrode array that follows a gentle
curve within the cochlea along its lateral wall with regular spacing between the electrode contacts. Contact 11 is seen at the cochleostomy
site; while the last contact (12) is extracochlear. (B) Double-oblique sagittal view of the right facial nerve canal, showing the relation
between the 12th electrode contact and the facial nerve (FN.m: mastoid segment of facial nerve canal, FN.t: tympanic segment of facial
nerve canal, IAC: internal auditory canal, LSCC: lateral semicircular canal, Mod.: modiolus, SSCC superior semicircular canal). (C)
Zoomed out postoperative Stenver’s radiograph. The electrode array follows a gentle curve within the cochlea forming 1.5 turns. Contact
11 is at the cochleostomy site and the last contact (12) is extracochlear, conﬁrming the CT position of the implant.
182 R.A.H. Zaghloul et al.radiographic estimate and the HRCT data in one patient.
The only data which could not be obtained by conventional
radiography and demonstrated on HRCT is the relation of
the electrode to the modiolus. However, this relation could
be expected from the wide arc subtended by the array with-
in the cochlea, suggesting that the electrode array lies
against the lateral wall of the cochlea rather than the modi-
olus. Also, since the electrode implanted in all our patients
was of the non modiolus-hugging type, therefore, the non
perimodiolar position of the electrode was expected and
nothing else. So, in such a case, it seems no advantage of
HRCT; still could be a point of argument if the other type
of implant was used.
Based on our observations, we suggest that HRCT pro-
vided no additional data over radiography in the postoperative
assessment of the position and integrity of the cochlear elec-
trode in uncomplicated cases, which can be attributed to thefact that none of our patients had complications related to
the electrode. Conversely, Verbist et al. (8) found that the im-
proved 3D visualization of both the individual contacts and
anatomic details of the cochlea within the plane of the elec-
trode array available by HRCT provides information to opti-
mize the function of the cochlear implant.
The electrode array in our patients showed a smooth curve
within the cochlear turns with no kink or overlapping, and was
in a peripheral location against the outer wall of the cochlea
away from the modiolus. Only one electrode array was fully in-
serted, two were incompletely inserted and the rest were par-
tially inserted with extracochlear one or two contacts. No
patients had a misplaced electrode array. The properly inserted
electrode array follows a gentle curve within the basal turn of
the cochlea with regular spacing between the electrodes. The
optimal position of the electrodes is perimodiolar closer to
the spiral ganglion cells (9–13).
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array is generally poorer than that of full insertion, depending
on the position and number of active electrodes as well as the
age at the onset of deafness (14–16). Nevertheless, the perfor-
mance of children with partial insertion was comparable to
that of children with full insertion (17). Based on our limited
observations, we cannot conﬁrm or deny the reported observa-
tions of the previous studies.
There was marked discrepancy between the radiological
estimate of the depth of insertion and the number of function-
ing electrodes as shown by intra-operative electrophysiological
testing in 75% of the patients. These ﬁndings mismatch with
those of Shpizner et al. (6) in which there was more correlation
between the number of inserted electrodes estimated radiolog-
ically and the number of functioning electrodes as shown sur-
gically and by intra-operative electrophysiological testing. This
discrepancy can be attributed to the fact that in our patients
the intra-operative testing was performed by applying the in-
tra-operative impedance telemetry which is non speciﬁc and
has false positive results; additionally, while for the three pa-
tients in which there was accordance between the intra-opera-
tive testing and radiological data, the tests applied were the
auditory response threshold (ART) and intraoperative stape-
dial reﬂex in two patients and impedance telemetry in the third
one. The ART is speciﬁc as it detects neuronal activity due to
auditory stimulation, while anesthetic agents inﬂuence the out-
come of intra-operative electrically evoked stapedius muscle
reﬂex (ESR) measurement (18).
Postoperative complications of cochlear implantation in-
clude facial nerve paralysis, infection, meningitis, cochlear
damage during insertion, osteogenesis, vestibular symptoms,
malposition or breakage of the electrode and ﬂap problems
(19–25). On occasions, facial twitching occurs from stimula-
tion of the labyrinthine portion of the facial nerve, which lies
close to the superior segment of the basal turn (3). Electronic
device failure has consistently emerged as the most common
complication especially in the pediatric population (26). Tam-
byraja et al. (27) reported that mechanical failure was most
common cause for explantation and/or reimplantation. The
main utility of HRCT was to exclude any new complications
as electrode migration (19). In the present study, only two pa-
tients (16.7%) reported late facial twitches. One patient had se-
vere facial twitches; controlled by deactivating contacts 11 and
12. On HRCT, both contacts 11 and 12 were extracochlear
with contact 12 close to the facial nerve, mostly its tympanic
segment. The other patient had less severe twitches controlled
by programing out contacts 11 and 12 where HRCT showed
incomplete electrode insertion. The frequently observed mas-
toid and/or middle ear opaciﬁcation in the implanted ears
was considered as postoperative sequel. Otherwise, no other
complications were reported.
We acknowledge limitations associated with this study.
First, the position of the electrode array cannot be correlated
with their performance because of the short period of time
for follow up of achievement in some patients as well as,
inability to reach others not attending the rehabilitation ses-
sions. However, initial evaluation revealed that the patient
with full insertion showed good response and started to imitate
sounds, one patient with incomplete insertion reported no re-
sponse to sounds. The remaining patients with partial insertion
of the electrode array showed variable response, three patients
responded to the surrounding voices with increasing sensitivityto sounds, two responded only to loud voices, and another pa-
tient showed only fair response. The second limitation is the
limited number of patients included and consequently the lim-
ited number of encountered complications.
Until now, HRCT in cochlear implant recipients was re-
served for patients with suspected complications; however, tech-
nological advances will lead to expansion of the clinical
applications, provided that dedicated acquisition parameters
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